Background: Anaemia has potential adverse effects on mother and fetus. Chronic 
Introduction
Anaemia is the most common haematological disorder in pregnancy. It has been speculated that the physiologic anaemia of pregnancy serves the purpose of reducing maternal blood viscosity, thereby enhancing placental perfusion, facilitating oxygen and nutrients delivery to the fetus and anticipates the blood loss that attends normal child birth 1, 2 . But chronic severe anaemia has potential adverse effects on the mother and the fetus. It results in impaired work capacity, hypoxemia, reduced transfer factor, lowered cognitive function and impaired immune response 3, 4 . India contributes to about 80% of maternal deaths due to anaemia in South Asia. The prevalence is highest in the eastern states, especially Bihar, Jharkhand, Odisha, Bengal and Assam. High parity, low socioeconomic status, poor nutrition, worm infestations are common predisposing factors 5, 6 . During pregnancy expiratory muscle strength is in lower normal range which is further weakened by anaemia.It also reduces diaphragmatic strength, the main inspiratory muscle leading to exertional dyspnoea. Changes in pulmonary function in anaemia have been sparingly reported with conflicting results. The objective of our study was to establish a correlation between pulmonary function and different degrees of anaemia in third trimester of pregnancy
II. Materials And Methods

Study period
The present cross sectional study was carried out for a period of one year from April 2013 to May 2014.
Study design and participants
Experiment was performed in the Post Graduate department of Physiology, S.C.B Medical, College, Cuttack, Odisha
The study included 90 anaemic last trimester pregnant women within the age group of 20-40 years. It also included 100 age matched normal healthy third trimester pregnant women, The normal 100 healthy pregnant women were selected from antenatal outdoor of Obstetrics and Gynaecology department of S.C.B. Medical College and Hospital, Cuttack at random. It was believed that, in the healthy individuals, the socio economic strata of the community had been adequately represented. The healthy subjects were judged on the following criteria:
 With haemoglobin level greater than 11 g/dl.  No history of chronic cardio-pulmonary disease during the 6 month period, preceding the testing or frequent colds. . No obesity, history of smoking or tobacco chewing, evidence or history of disease, which can be expected to affect pulmonary function (such as, neuromuscular disorder or arthritis of spine). No obvious sign of malnutrition or skeletal deformities affecting normal expansion of lungs.  Physically and mentally capable of adequate co-operation during the test.
The anaemic pregnant women were selected either from the antenatal outdoor of Obstetrics and Gynaecology department or the indoor patients, admitted into the antenatal ward of Obstetrics and Gynaecology department of S.C.B. Medical College and Hospital, Cuttack. The anaemic patients selected were, having haemoglobin level in the range of 10.9 g/dl to 4 g/dl. The subjects were further sub-divided into mild, moderate and severe anaemic groups based on WHO criteria for haemoglobin.
Mild anaemia in pregnancy :-10 -10.9 g/dl Moderate anaemia in pregnancy :-7 -10 g/dl Severe anaemia in pregnancy :-4 -6.9 g/dl. After taking informed written consent from each subject and approval of institution ethical committee, detailed history was recorded and complete clinical examination was done at the beginning of experiment. The anthropometric parameters like height and weight of subject were measured.
Experimentation and collection of data 1.
Haemoglobin Estimation: It was done in the Department of Physiology, S.C.B. Medical College, Cuttack by Sahli's Method (Acid Haematin Method).
First N/10 HCl was taken with the help of a dropper and was placed in the graduated haemoglobinometer tube upto its lowest mark (10% or 2 gm%). Finger prick blood was drawn into the haemoglobinometer pipette upto mark 20cumm and was immediately transferred into the N/10 HCl in the graduated haemoglobinometer tube.
After mixing the contents thoroughly, the solution was allowed to stand for about 10 minutes for maximum conversion of haemoglobin in blood to acid haematin. Then distilled water was added drop by drop till the colour of the solution matches with the standard coloured glass rods. Then the reading was taken.
2.Recording of PFT :
The equipment used for PFT was RMS medspiror. Subject was asked to relax for 5 minutes, prior to performing the test. All tests were recorded 3 times & out of them best maneuver was taken. 
Statistical analysis of data
All data expressed as Mean + SD. Statistical analysis was done using unpaired students t test, one way analysis of variance (ANOVA). A level of p value <0.05 was used to indicate statistical significance in all analyses. Data analysed using SPSS version 19.
III.
Results Table I expedites comparison of anthropometric parameters between study and control group. There is no significant difference in age, height, weight and BMI but haemoglobin is significantly reduced in study group. Table II explains comparison of pulmonary function parameters between anaemic pregnant and healthy pregnant women. The decline in FVC, FEV 1 , PEFR and MVV is significant in study group however, FEV 1 /FVC increase significantly in anaemic subjects.
Table IIIA explains comparison of dynamic parameters between control group and study group with different degrees of anaemia in third trimester of pregnancy using ANOVA.
There is significant reduction in FVC, FEV 1 , PEFR and MVV and significant increase of FEV 1 /FVC values from control to severe anaemic subjects. Table IIIB shows comparable parameters in control and mild anaemic subjects but, significant variation in FVC, FEV 1 , PEFR and MVV values in severe anaemic subjects Figure 1 depicts positive correlation of haemoglobin with all parameters except FEV 1 /FVC.
IV.
Discussion
Comparison of lung function parameters between anaemic pregnant and healthy pregnant females show significant reduction of FVC, FEV 1 , PEFR and MVV values except FEF 25-75% and FEV 1 /FVC in the study group in third trimester of pregnancy.
FEV 1 /FVC ratio increase significantly in the study group compared to control indicating restrictive defect. Similar findings were documented by other investigators. Singhal U and Saxena K in their study, documented 4 normal (Hb >12.5 g%) and 10 anaemic pregnant women (Hb<10 g%) in their IIIrd trimester. The reduction of oxygen carrying capacity of blood causes tissue hypoxia and accumulation of intermediary products of metabolism like lactate in the tissue leading to exhaustion. So the respiratory effects become less powerful. This is evident from the significant lower (P <0.001) peak expiratory flow rate (PEFR) in anaemic women (251 l/min ± 12.8) as compared to normal pregnant women (352.5 l/min ± 12.5). The PEFR is more sensitive to muscular element in respiration 7 . Phatak M.S. et al conducted a longitudinal study of antenatal changes in lung function tests and importance of postpartum exercises in their recovery and documented significant decline in PEFR and ERV which may be attributed to lesser force of contraction of main expiratory muscles like anterior abdominal muscles and internal intercostals muscles 8 . Neeraj et al studied the effects of advanced uncomplicated pregnancy on pulmonary function parameters of North Indian subjects. All the parameters (FVC, FEV 1 , FEF 25-75% , PEFR) except FEV 1 /FVC ratio, were found to be lower in the third trimester of pregnancy as compared to the non-pregnants 9 .
Due to mechanical effect of gravid uterus affecting vertical dimension and restriction of diaphragmatic movement, PEFR declines in advanced pregnancy 10, 11 .
Our study results corroborates with other workers in the same field. The reduced concentration of myoglobin and iron containing enzymes in skeletal muscle is proportional to degree of anaemia. Anaemia accentuates the decline in lung functions as pregnancy advances 12, 13 . Blumgart HL et al documented a decrease in FVC in anaemic patients which may be attributed to reduced lung distensibility and congestion in anaemia 14 . Ganeriwal SK et al documented reduced MVV values in anaemic subjects. It is due to over stretching of anterior abdominal wall muscles leading to decreased force of contraction of expiratory muscles 15 . MVV is also influenced by respiratory apparatus as a pump which is at mechanical disadvantage during pregnancy 16 . Reduction in lung function has not been consistently documented by all investigators. Gupta P et al documented normal PEFR and FEV 1 and reduced FEF 25-75% in their study 17 . Guleria J S et al documented no significant change in FEV 1 and FEF 25-75% in anaemic patients. Patients having clinical or radiological evidence of pulmonary congestion were excluded from the study. The low value of MVV in their study is comparable with present study and show similar findings 18 . The comparison between different study groups and control group in last trimester of pregnancy shows highly significant lowering of FVC, FEV 1 , PEFR, MVV values. With increasing severity of anaemia, the pulmonary functions decline consistently. FEF 25-75% is a marker of small airway obstruction and is a effort independent parameter. So doesn't vary significantly. Thus the present study highlights the observation that moderate to severe anaemia adversely affects pulmonary functions. Proper interventional strategies should be carried out to prevent adverse outcomes. Intake of iron supplements should be advised. Limitations & future scope of the study Sample size is less. Broad spectrum, multicentric studies are strongly recommended.
Abbreviations
FEV 1 = forced expiratory volume in first second, FVC=forced vital capacity, FEF 25-75% forced expiratory flow in 25-75% of FVC , PEFR =peak expiratory flow rate, MVV= maximum voluntary ventilation.
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